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Abstract 
A pixel-type position-sensitive Li-glass neutron detector has been developed in the Hokkaido University and applied 
to neutron transmission measurements for obtaining wavelength-dependent neutron images due to its high counting 
rate. This detector will be applied to monitor the time spectrum of the pulsed neutron beam for the neutron capture 
cross-section measurements at the Japan Spallation Neutron Source (JSNS). It turned out that the gamma-rays which 
were accompanied by neutron transmission measurements may be also detected by this detector and may affect 
wavelength-dependent neutron intensity. We have therefore studied experimentally and numerically the detector 
efficiency for gamma-rays as a function of photon energy. We have also investigated some practical methods to 
reduce the effects of gamma-rays on the position-sensitive Li-glass neutron detector by using the Hokkaido 
University 45MeV LINAC neutron source. 
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1. Introduction 
A pixel-type position-sensitive Li-glass neutron detector (Li-detector) which had been developed by 
the Hokkaido University has a much higher counting rate than traditional detectors and similar detection 
efficiency for epithermal neutrons to a typical 3He-detector. Wavelength-dependent epithermal neutron 
transmission measurements with the Li-detector have been applied to a quantitative estimation of number 
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density of nucleus based on resonance absorption of neutrons at the Hokkaido University 45MeV LINAC, 
also to monitor the time-of-flight spectra at BL04 beam line at the Japan Spallation Neutron Source 
(JSNS). Furthermore, we intended to use this detector for the neutron capture cross-section measurements 
at the JSNS. 
However, we have known by experience that the gamma-rays, which are accompanied by 
wavelength-dependent epithermal neutron transmission measurements and mainly arise from neutron 
capture in media, are also detected by the Li-detector. The gamma-ray background in the Li-detector may 
also affect the resonance absorption measurements at the JSNS. We have therefore examined how the 
gamma-ray background in the time-of-flight (TOF) measurements can be reduced with a small decrease 
of neutron signals by adjusting the lower level of discrimination (LLD).  
Here, we show measurements on the detector efficiency for gamma-rays as a function of the LLD, 
and experiments on the reduction of the gamma-ray background in the TOF measurements with raising 
the LLD. Further, the reduction of the gamma-ray noise by adjusting the LLD will be contrasted with that 
by adopting a bismuth slab as a photon shield. Finally, we will show that the reduction of gamma-ray 





2. Experimental  
a)  The Li-detector 
The Li-detector has a configuration that  a lump of 16×16 Li glasses (GS20, 2.1 mm × 2.1 mm × 1 mm 
thickness) which are isolated by a 0.54 mm thick grid reflector for light to eliminate cross talks over 
pixels are installed on a 52 mm square glass window of a 16×16-channels photomultiplier tube assembly 
(HAMAMATSU H9500). The maximum neutron counting rate and the detecting efficiency for 1 eV 
neutrons had been estimated at 1.13 MHz/cm2 and 20 %, respectively. Since the 16×16–channels 
photomultiplier tube assembly is a multi-anode type, each of the LLD for the 256-pixels was adjusted 
separately.   
 
b) Measurements of pulse-height spectra from a pixel for gamma-rays from radioisotopes 
We measured pulse-height spectra from a pixel for gamma-rays emitted from 60Co (1.99×105 Bq) or 
137Cs (6.90×105 Bq) preparations which were set at 20 mm from the head of the Li-detector. The 
geometrical efficiency for a pixel was estimated at 0.044 / (4π), and measured count rate for a pixel was 
0.277 cps and 0.035 cps for 60Co and 137Cs, respectively. From these results, the detection efficiency for 
gamma-rays was estimated at 3.97×10-4 and 1.45×10-5 for 60Co (1.17 MeV or 1.33 MeV) and 137Cs (0.66 
MeV), respectively. Further, we estimated the detection efficiency for gamma-rays as a function of the 
LLD, which are shown in the following section. 
 
c) Measurements of the neutron signals and the gamma-ray noise as a function of the LLD 
We measured with a TOF method a direct beam from a coupled-type methane cold neutron source at 
the Hokkaido University 45MeV LINAC and a beam through a 1.15cm thick B4C resin slab, with raising 
the LLD in three steps― Di /Do = 1.076, 1.153 and 1.230 where Do represents the original value of the 
LLD. The Li-detector was set at 5 m from the moderator and shielded from photons emitted by a 
Bremsstrahlung neutron source. The measurements of a direct beam thus yielded changes in the neutron 
signals as a function of the LLD. Simulation calculation results on neutron transmission through a 1.15cm 
thick B4C plate showed that in a neutron energy range below 0.1 eV which corresponds to a TOF region 
above 1 millisecond, no neutrons but photons of 0.478 MeV are detected. The measurements of a beam 
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through a 1.15cm thick B4C resin slab thus yielded changes in the gamma-ray noise as a function of the 
LLD. 
3. Results and discussions 
a) Estimation of the detection efficiency in a pixel for gamma-rays as a function of the LLD 
 
Figure 1 shows pulse-height spectra in a 
pixel for gamma-rays emitted from 60Co or 
137Cs preparations. Normalization of the 
pulse-height spectra (Ψ(Di)) are done in the 
form 
 ε = Ψ(Di) dDi. 
Here, Di means a pulse height channel, 
and ε means the detection efficiency per a 
pixel for gamma-rays, 3.97×10-4 and 1.45×10-
5
 for 60Co and 137Cs, respectively. With use of 
these results, we estimated the detection 
efficiency in a pixel for gamma-rays as a 







Fig.1. Pulse-height spectra in a pixel for gamma-rays emitted from 60Co or 137Cs  
 
Figure 2 shows the detection efficiency 
in a pixel for gamma-rays as a function of 
the Di /Do where Do represents the original 
value of the LLD. The curves show that the 
logarithmic decrease in the detection 
efficiency for gamma-rays with raising the 
LDD hardly changes with the energy of 
gamma-rays. We can therefore estimate that 
the gamma-ray noise of the Li-detector 
decreases to 0.1 times of that at Do with 
raising the LLD by 1.35 times and the 
decrease in the gamma-ray noise does not 






Fig.2. Detection efficiency in a pixel for gamma-rays from 60Co or 137Cs as a function of the Di /Do 
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b) Dependence of the neutron signals and the gamma-ray noise on the LLD 
 
Figure 3 shows TOF spectra of the direct 
beams for Di /Do = 1 and 1.230. It turned out 
that the wavelength-dependence of neutron 
signals hardly varies with raising the LLD. 
This is suitable to the wavelength-dependent 











Fig.3. TOF spectra of the direct beams for Di /Do = 1 and 1.230 
 
Figure 4 shows the intensity of TOF 
spectra in a TOF region above 1 millisecond 
of the direct beams and the beams through a 
B4C resin relative to that at Do. With use of 
the extrapolation, we can estimate that the 
gamma-ray background may decrease to 0.1 
times of that at Do with raising the LLD by 
1.42 times which is somewhat higher than 










Fig.4. Intensity of TOF spectra of the direct beams and the beams through a B4C resin relative to that at Do 
 
Figure 4 shows that the neutron signals may decrease to 0.6 times of that at Do with decreasing the 
gamma-ray noise to 0.1 times of that at Do. This result may not depend on the energy of gamma-rays, as 
mentioned above. However, there is possibility to reduce the gamma-ray noise with use of other methods. 
As one of methods, we studied effects of a bismuth shield. For this, we performed simulation calculations 
on transmission through a bismuth slab as a function of the thickness for a neutron beam from a coupled-
type methane cold neutron source and for a photon beam of 0.478 or 1.33 MeV by using the MCNPX [1]. 
242   Fujio HIRAGA et al. /  Physics Procedia  26 ( 2012 )  238 – 242 
It turned out that the decrease in the beam intensity to 0.11 times for the photons of 0.478 or 1.33 MeV 
necessitates a bismuth slab of 1.2 or 3.8 cm in thickness, which decreases the beam intensity to 0.73 or 
0.36 times for the neutrons below 100 eV. We can thus conclude that a noise of the Li-detector, which 
arises from gamma-rays with energies above about 1 MeV, can be effectively reduced with a small 
decrease of neutron signals by adjusting the LLD. 
 
4. Conclusions 
The reduction of gamma-ray noise of the Li-detector by adjusting the LLD is suitable to the 
wavelength-dependent epithermal neutron transmission measurements, since the spectral shape of 
neutrons hardly varies with raising the LLD. Further, the gamma-ray induced background in the Li-
detector, for gamma energies above about 1 MeV, is more effectively reduced by adjusting the LLD than 
adopting a bismuth filter. 
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